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Abstract
The purpose of this report is to assess the effectiveness of internal management of lighting systems for various periods of working time. To achieve the objective to determinate the quantity of artificial lighting to supplement insufficient natural light per day in single-stage managed and of dimmable lighting system for different periods of work during the day is been made.
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INTRODUCTION
Automatic control of lighting systems is one of the most common methods used to save electricity for lighting. That control of lighting system can be done smoothly or on stages. The type of regulation is selected according to techno-economical, energy or ergonomic considerations.

Smooth control is smooth regulation (dimming) of the luminous flux of luminaries, respectively, of the light sources (lamps) of the lighting system. It should be noted that smooth dimming requires special control gears, which operates in stand by mode when off. In stage control, lighting system is switched in stages, following the dynamics of change of daily natural lighting. Stages are formed according to photometric conditions in different parts of the room and switched on and off independently, according to the level of natural lighting. Luminaries composed of one grade are divided into groups, formed according to network configuration and switched by a common switching device [3, 4].

In [1] is presented a quantitative assessment of the effectiveness of management of internal lighting systems according to the amount of artificial lighting used, the available potential of natural lighting and natural lighting quantity used, but determination of the effectiveness of the management of internal lighting systems for various periods of time during the working day has not been made.

The aim of this work is to evaluate the effectiveness of the management of internal lighting systems for various periods of work.
EVALUATING THE EFFECTIVENESS OF THE MANAGEMENT OF INTERNAL LIGHTING SYSTEMS
It is appropriate the evaluation of effectiveness of internal management of lighting systems to be made according to the amount of artificial lighting used to supplement insufficient natural lighting.

To determinate the amount of artificial lighting a method, based on average monthly curves of variation of daily natural light is used. The method is described in [1].

Average monthly curves of variation of daily natural light of the open area were built, proceeding from the daily course of change of the sun height on the 15th of each month of the year in specific geographic point. Averaging is performed based on weather statistics for the geographical point [2, 5].

In Fig. 1 presents an average monthly curve of variation of daily natural light. The green area shows the amount of artificial lighting to supplement insufficient natural lighting in the smooth management of the lighting system for different periods of working time.
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Figure 1. Amount of artificial lighting to supplement insufficient natural lighting in 
dimmable lighting systems;

 tbeginning- beginning of the workday, tend – end of workday, 
ton – lighting turns on; toff – lighting turns off.
The quantity of artificial lighting to supplement insufficient natural lighting in premises with dimmable lighting systems can be determined using the following formulas:

· For the first half of the day - mixed lighting is used:
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· For the second half of the day - mixed lighting is used:
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· Total for the year:
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Where 'e' is the coefficient of the natural lighting of the room, %.
The amount of artificial lighting to supplement insufficient natural lighting in premises with single state managed lighting system for different periods of working time is shown in Fig. 2 (the amount is marked with blue).
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Figure 2. Amount of artificial lighting to supplement insufficient natural lighting in
 single stage managed lighting systems;

tbeginning- beginning of the workday, tend – end of workday,
 ton – lighting turns on; toff – lighting turns off;

At single stage managed lighting system, the amount of artificial lighting to supplement insufficient natural light per day can be determined using the following formulas:
· For the first half of the day - mixed lighting is used:
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· For the second half of the day - mixed lighting is used:
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· Total for the year:                    
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Performed calculations presented below are made for the town of Ruse, Bulgaria. The calculation is made for the most typical working times and frequent critical value of external illumination 5000 lx and operating light Em = 500 lx.

Data obtained on the quantity used additional artificial lighting to supplement insufficient natural lighting for different working times in single stage managed and dimmable lighting system are given in Table 1.


Table 1

Amount of artificial lighting to supplement insufficient natural lighting for different working times in single stage managed and dimmable lighting system for the town of Ruse

	Shift
	Work Scope during the day
	Amount of artificial lighting, used to supplement insufficient natural lighting, lxh
	Difference of luminous flux

between single- stage managed

and dimmable lighting system

	
	Shift starts -

in the first half of the day
	Shift ends -

in the second half of the day
	At dimmable lighting system
	At single stage managed lighting system
	

	One-shift


	06:00
	15:00
	69218,66
	272586,80
	203368,14

	
	07:00
	16:00
	43844,34
	249245,90
	205401,56

	
	08:00
	17:00
	53948,89
	280449,58
	226500,69

	
	09:00
	18:00
	111649,00
	370034,90
	258385,90

	Two-shifts
	06:00
	22:00
	669729,30
	1068070,00
	398340,70

	Three-shifts
	00:00
	24:00
	1581941,00
	2103819,00
	521878,00


Data from table 1 are presented in graphical form in fig. 3. It shows the quantity of used additional artificial lighting to supplement insufficient natural lighting for different working times in dimmable lighting systems. The obtained results shows that the estimated values ​​of the parameter is lowest in the period of working time from 7:00 to 16:00 h and highest in the period from 9:00 to 18:00 h.

Additional quantity artificial lighting used to supplement insufficient natural lighting for different working times on premises with single-state managed lighting system is shown in Fig. 4. It was established that the estimated indicator for single-state managed lighting system is similar to that in smooth control.

Difference between the quantities additional lighting used at single-stage managed and dimmable lighting systems in is shown on Figure 5.

CONCLUSION
A quantitative assessment of the effectiveness of the management of internal lighting systems for various periods of work was made. The value of the quantity of additional lighting to supplement insufficient natural lighting for different working times in single stage managed and dimmable lighting system are determined. Obtained results shows that the lowest values ​​of the estimated parameter is obtained in the period from 7:00 to 16:00 h and the highest values are for the period from 9:00 to 18:00 h. Therefore in the time from 7:00 to 16:00 h lighting costs will be minimal, and in working hours from 9:00 to 18:00 h the costs will be maximum.

Increasing workday duration minimizes the quantity of electrical energy used for lighting in dimmable lighting system.
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Figure 3. Annual amount of artificial lighting to supplement insufficient natural 

lighting in dimmable lighting systems;
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Figure 4. Annual amount of artificial lighting to supplement insufficient natural 

lighting in single stage managed lighting systems
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Figure 5. Difference of annual amount of artificial lighting to supplement insufficient natural 
lighting between single stage managed and dimmable lighting systems.
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